INTRODUCTION
Colloids are particles of diameter measuring 1 nm -1 micrometer and can be observed to be very common in nature. These include contaminants in the water, milk (protein and fat droplets in water), butter (colloidal fraction of water in a fat), protein solutions, jellies, mist (water drops or suspension ice in the air) and others. The concept of a colloidal substance refers to emulsions, suspensions present in the water, fibers, polymers and fumes [Górski 1953 ].
Whereas the solutes in wastewater have mainly an indirect effect on the permeability of the filter acting on biomass growth, solid and colloidal particles are a direct mechanical factor limiting permeability. However, the septic tank effluent (STE) content and the mechanisms of particle retention on or inside the filter are poorly recognized.
Colloids are commonly found, as well as liquids, solids and gases. They can be characterized by a specific range of fragmentation of the components contained therein. Colloidal particles are unable to pass through the biological membrane (cell membrane). However, it should be noted that they belong to a heterogeneous mixture in the form of suspension [Drapała 1996 ]. The diversity of colloids makes it difficult to formulate a clear definition of colloidal particles.
It has been shown that substances may take the form of colloids, suspensions, or a real solution, depending on the dispersion media and the fragmentation of the mixture [Drapała 1996 ].
The scholarly literature indicates a common assumption that colloidal particles have a size of less than about 1 micron, while some authors reported a maximum dimension of 0.45 µm and even an upper limit of 10 microns [Perez-Paricio and Carrera 1999]. In most cases they are characterized by a very high surface area, resulting in the suspension of colloidal particles impacted by surface physico-chemical forces; in particular such as the attraction of London-van der Waals and electrostatic attractive forces. The distance of impact is very small, and the effects are significant when the particles cross the energy barrier [Smith 2007 ].
Brownian diffusion also plays an important role in the behavior of these particles in porous media. In comparison with real solutions, colloidal suspensions consist of much bigger particles, thereby extending the time of diffusion and contributing to a low osmotic pressure of the solution in question. A careful analysis of the optical properties can assess how it is affected by media dispersion. This phenomenon is known as the dispersion Tyndall effect where the light beam behaves quite differently in the case of colloidal suspensions than in real solutions that exhibit optical homogeneity. In the former case it is dissipated by the dispersion medium. One example would be the sunlight passing through a narrow gap where the dust floating in space scatters the beam of sunlight showing its path. It should aslo be noted that the dispersion of light takes place in various directions [Bijok and Bijok 1974] .
In raw wastewater colloids may reach up to 21-22% of chemical oxygen demand (COD) and most are (up to 19-20% of COD) readily biodegradable [Makowska and Spychała 2014] . The high range of biodegradable fraction of colloids can result in their concentration changeability. Kubiak [2014] reported colloids as a COD content (identified as the difference between domestic wastewater filtered by 1.0 µm and 0.22 µm microfilters) as being between 0.6% and 8.2%, on average: 5.5±1.75% (n=4). This value was calculated by excluding values below zero (three of seven). Comprehensive information on a particular sample (e.g. colloids) cannot be based solely on one method. The following are used for the determination of colloids. Nephelometry and turbidimetry, which allows the determination of the function of particle size distribution in respect to the dispersed phase of substances. In this context light beam scattering plays a decisive role.
Ultra-microscopy, which is applicable only to a solution showing the Tyndall effect and is relevant for liophobic substances, where the difference between the refractive factor of the medium and the refractive factor of the system (constituted by colloidal particles) is significant.
Electron microscopy, involving the use of an electron beam instead of visible light, where the electron beam is characterized by a small wavelength. For this purpose, lenses have been replaced by an electromagnetic field, which allows for the collapsing of the electron pathway. The two most popular types of electron microscope are scanning and transmission.
Ultracentrifuge, is centrifuge performing for several or tens of thousands rotations. Due to the different particle size distribution in the STE and due to the presence of relatively small particles (several micrometers), the possibility of the formation of the smallest particle aggregates (less than 10 microns) by the action of surface forces (van der Waals) or electro-kinetic [Malinowskaja et al. 1986 ] should be taken into consideration. An aggregate may behave as a single particle or as a floc, which is unstable and undergoes deformation under the influence of external forces such as a pressure gradient. A disadvantage of septic tank (ST) outflow is its high variability in terms of both quantity and quality.
The composition of the STE has an impact on the quality and durability of filters (e.g. non-woven) correspondingly both to dissolved and suspended substances. Wherein the former (as easily absorbed) have an impact on the development of live biomass, while the latter -act on permeability reduction -as the result of accumulation in the filter pores (clogging) or on the surface (forma-tion of a filter cake). Previous studies on the STE showed the high differentiation of total suspended solids (TSS) concentration . Until now some guidelines for acceptable maximum TSS concentration for sand filters supplied with STE have been proposed. The effect of particle size and shape distribution on the filter (sand or non-woven textile filters) is practically unrecognized in the pore blocking (clogging) process. Particle size distribution in STE and their qualitative relation to the raw wastewater inflowing into the ST is also little known. In opposition to most sand filters non-woven textile ones have a relatively small available pore size, therefore the impact of particle size on filter performance (hydraulic capacity) is all the more important.
The particles in the wastewater (including STE) can be distinguished into several size fractions [Dulekgurgen et al. 2006 ]: dissolved (<0.001 µm), colloidal (0.001-1 µm), "supra" colloidal (1-100 µm) and settling (> 100 µm).
To date, several studies were carried out on the determination of particle size distribution in municipal, industrial and agricultural wastewater but not in the STE [Sophonsiri and Morgenroth, 2004] . Authors investigated the relationship between chemical composition and particle size distribution. In this context one should note that total suspended solids are composed mainly of organic matter and have a density of about 1 g/cm 3 or less, which makes it relatively difficult to remove by sedimentation and easier to remove by filtration.
The suspended solids concentration determined by the filtration on a cellulose filter can provide important information about the minimum particle size as long as the pore size of the filter is known and reported. However, this is not common situation. Additionally the complication is that the guidelines in various countries differ in this matter. Despite the relatively high proportion of the organic fraction in suspension in general, some authors suggest that this is a matter of very low susceptibility to degradation [Siegrist 1987 ], where it was found that about half of the total suspended solids in STE is low-biodegradable or inert.
The STE contains many kinds of particles, originating from various materials such as toilet paper, tampons, paper napkins, paper towels, cotton or wool fibers, cigarette filters, and many others [Friedler et al. 1996 , Seabloom et al. 2005 .
One of the more frequently occurring particles in the STE are fibers or particles of a fibrous shape ], including fibers derived from toilet paper.
Some published studies [Friedler et al. 1996 ] indicate a relatively high proportion by weight of waste toilet paper produced by one person per day on average -more than 10% (13 paper leaves, 0.55 g of weight each giving about 7.2 g dry weight per person per day). The interpretation of these results is difficult due to the probable large variation of the amount of paper wasted by one person, which depends on various factors, such as gender [Friedler et al. 1996] 
Jönsson et al. [2005] showed that 48% of the weight of toilet paper consists of carbon, and the fibers are composed mainly of cellulose and hemicellulose. These authors also determined the rate of medium and slowly degradable carbohydrates in toilet paper (83% and 17%, respectively).
Becker The size distribution of particles occurring or those likely to be present in the STE is characterized by a high variability in both the average and ranges of values. Sizes are in the range from a few to several hundred. In practical terms the probability of non-woven textile pore blockage (typical pore size of medium thickness non-woven textiles is about 90-120 µm) at the surface of non-woven textile in the form of a filter cake can occur in the case of toilet paper fibers and large fractions of potato starch. Knowledge related to particle size and shape distribution in the STE appears to be necessary for the design and modelling of filters, including non-woven textile ones Another important problem is the content of non-fibrous particles originating from toilet paper in the STE .
The most of particles kinds referred above can change into the colloids under specific conditions, e.g. as the result of the composition by relatively high bacteria number.
The aim of the study was to verify the hypothesis that colloids can prove to be a significant factor in filter permeability.
METHODS
The research was conducted on wastewater collected from a single chamber septic tank of 3.0 m 3 volume (length: 1.85 m, width: 1.34 m) equipped with an outflow filter. The STE originated from a four-people household (two adults and two children). The STE was initially filtered by a filter of 10 µm pores. The turbidity and COD was measured in each sample.
Hydraulic conductivity determination
Aiming to avoid damage or disturbance of the clogging layer, the STE level at the start of measurement was sustained 10 cm above the filter layer surface. Six transparent experimental pipes were used (three unclogged textile filters and three clogged textile filters). After the stable water surface level reached the measurements of water surface level fall-time were performed for STE with and without colloids. All the measurements were done in several from 5 to 8 replications.
The flow rate and hydraulic conductivity calculation was based on the determination of falling water surface level during filtration through the clogged and unclogged non-woven textile filter (four layers of TS 20 textile type). The hydraulic conductivity was determined and calculated according to equation no. (1) experimental pipes. After the stable water surface level reached the measurements of w level fall-time were performed for STE with and without colloids. All the measurement in several from 5 to 8 replications.
The flow rate and hydraulic conductivity calculation was based on the deter falling water surface (FHM) level during filtration through the clogged and unclogged textile filter. The hydraulic conductivity was determined and calculated according to e (1) presented by Lambe [1987] , using the method described by Li et After filtration by filter of 10 µm pores (removal of TSS) the STE was filtered porous filter of pores 1.2 µm and then centrifuged during 30 minutes at 6000 RPM. Measurements were performed in two series: unclogged-textile filter series and cloggedseries. The basic information related to sample data and methods was collected in table 1. Table 1 . The basic information related to sample data and methods
The hydraulic load of textile filter coupons with filter STE without colloids (filt µm micro filters and centrifuged) and those with colloids (filtered by 1.2 µm micro measured at 30 cm 3 and 26 cm 3 , respectively. The surface area of filter layer sample during unclogged non-woven texti experiment was 0.5 cm 2 . The filters were practically free of TSS. Only about 180 cm 3 filtered by filters before the unclogged non-woven textile experiment for the purposes of filtering layer.
(1)
where: K us -hydraulic conductivity; estimated at unsteady state flow, m/d; l -thickness of filtration layer, m; t -fall-time of water surface level from
H o -height of water surface level at the start of measurement, m; H t -height of water surface level at the end of measurement, m.
After filtration by filter of 10 µm pores (removal of TSS) the STE was filtered by microporous filter of pores 1.2 µm and then centrifuged during 30 minutes at 6000 RPM. Measurements were performed in two series: unclogged-textile filtration series and clogged-textile filtration series. The basic information related to sample data and methods was collected in Table 1 .
The hydraulic load of textile filter coupons with filter STE without colloids (filtered by 1.2 µm micro filters and centrifuged) and those with colloids (filtered by 1.2 µm micro filters) was 30 cm 3 and 26 cm 3 , respectively. The surface area of filter layer sample during unclogged non-woven textile filtration experiment was 0.5 cm 2 . The filters were practically free of TSS. Only about 180 cm 3 of STE was filtered by filters before the unclogged non-woven textile experiment for the purposes of wetting the filtering layer.
The research on clogged filter was conducted on a transparent pipes with an 0.8 cm diameter and 40 cm in height. The surface area of clogged filter coupons was 0.83±0.5 cm 2 . The clogged non-woven textile was fastened at the base edge of the pipes. Accumulated mass (measured as TS) on the surface and inside the filter layer sample -24.0±2.87 cm 2 on average indicated an advanced clogging process. (Figure 1 ). Unfortunately no statistically significant difference was observed in COD between STE with colloids and STE without colloids during unclogged textile filtration experiment. An evident difference was observed in colloids content identified by turbidity between STE with colloids and STE without colloids during unclogged and clogged textile filtration experiment: 24% and 14%, respectively. The results are presented in Figure 2 . Statistical analysis (t -student's test) at the significance level α = 0.05, confirmed a significant difference in turbidity between STE with colloids (C) and STE without colloids (NC) in both, unclogged and clogged textile filtration experiment.
The observed content of colloids in STE, both during unclogged and clogged textile filtration experiment were relatively low and unstable. This corresponds to results obtained by Kubiak [2014] and was probably related to raw wastewater content (wastewater inflowing into the ST) and biochemical processes occurring inside the ST. Importantly, these processes have not been fully recognized yet.
Colloids impact on unclogged and clogged textile filter hydraulic conductivity
The hydraulic conductivity of filters number 2 and number 3 ( Figure 3) confirmed (at the level α = 0.05) the significant impact of colloids on unclogged and clogged textile filter hydraulic conductivity (e.g. filter number 2 without and with colloids: 0.186±0.003 and 0.132±0.002 m/d, respectively, filter number 3 without and with colloids: 0.052±0.003 and 0.036± 0.001 m/d, respectively). Unfortunately the results of hydraulic conductivity of filter number one did not show the significant impact of colloids (at the level α = 0.05). This could be related to the local variability of textile porosity. This problem was earlier reported by Spychała and Łucyk [2015, in press] .
Despite the relatively low content in the STE, colloids can play an important role in the clogging process. Filtering media filled with a high content of biomass (partly clogged) is sensitive to clogging process acceleration due to the possibility of small diameter pore blockage and oxygen access termination. Moreover, small size pores are sensitive to blocking or bridging by small size particles. The impact of STE with and without colloids on the permeability of unclogged and clogged non-woven textile was observed.
CONCLUSIONS
The following conclusions can be drawn based on this research:
• the observed values and content of colloids in STE, both during unclogged and clogged nonwoven textile filtration experiment was relatively low and unstable • the identification of colloids by turbidity (fractionation using filtration and centrifugation) was more appropriate and effective than identification by COD due to some instability of organic compounds and lack of detection of inorganic colloid compounds • despite the relatively low content in the STE, colloids can play an important role in nonwoven textile filter clogging process due to the possibility of small diameter pores closing by (colloidal particles) and oxygen access stopping • the identification and description of colloid accumulation process during STE filtration (e.g. by non-woven textile filters for wastewater treatment) needs further studies. 
